showed that presentation of associated words can induce false recognition of a related, but nonpresented, associate. In three experiments, we placed this related associate in half of the study lists (but not in the other half) in an attempt to determine whether (and under what conditions) subjects could distinguish between cases in which the critical associate was and was not presented. Results suggest that subjects are quite poor at performing this straightforward task, even when explicitly informed of the false recognition phenomenon, instructed to pay careful attention to whether or not the critical linking associate was presented in the list, and given a 1-item recognition test immediately following each 15-word list. Although subjects were not able to perform accurately under these conditions, the warning instruction did attenuate the false recognition effect (relative to an uninformed condition). This illusion of memory appears to be remarkably robust and little affected by the instructional manipulations. © 1998 Academic Press Roediger and McDermott (1995) reported experiments showing that presentation of words (e.g., door, glass, pane, shade, ledge) that are associates of a nonpresented word (e.g., window) can induce high levels of false recall (see also Deese, 1959) and false recognition of the nonpresented associate. This outcome demonstrates a strong memory illusion (Roediger, 1996) about which there has been a recent spate of research (see Roediger, McDermott, & Robinson, 1998 , for a review).
reported experiments showing that presentation of words (e.g., door, glass, pane, shade, ledge) that are associates of a nonpresented word (e.g., window) can induce high levels of false recall (see also Deese, 1959) and false recognition of the nonpresented associate. This outcome demonstrates a strong memory illusion (Roediger, 1996) about which there has been a recent spate of research (see Roediger, McDermott, & Robinson, 1998 , for a review).
A key question, but one that is difficult to answer conclusively, concerns the source of the associatively induced false memories: Do the nonpresented associates consciously come to mind during list presentation, with subjects later facing the difficult decision of determining whether the word was originally perceived or imagined? Or are the nonpresented associates highly primed during the study phase, in the absence of any conscious awareness of the word? In the former case, false memories would be said to occur from a failure of reality monitoring (see Johnson & Raye, 1981) ; subjects have difficulty discriminating between list words and the word that was generated but never presented. In the latter case, critical words would be primed due to spreading activation in a semantic network (e.g., Collins & Loftus, 1975) , and this unconscious priming would be sufficient to induce later false recall and false recognition of the words.
Several lines of evidence suggest that the nonpresented associate 1 often comes consciously to mind during the study phase. For example, Roediger and McDermott's (1995, Experiment 2) finding that these words are predominantly classified as being remembered in Tulving's (1985) remember/know paradigm supports this position. That is, when subjects are asked for each item judged old (i.e., previously studied) on a recognition test to report whether they can recollect some specific aspect of the presentation episode (a remember experience) or whether they just know the item was presented but cannot recollect anything specific about the original presentation (a know experience), subjects often claim that they can indeed recollect the original presentation of the critical nonpresented associates (see too Norman & Schacter, 1997; Read, 1996; Payne, Elie, Blackwell, & Neuschatz, 1996; Schacter, Verfaellie, & Pradere, 1996) . This finding is probably most easily explained by assuming that the critical associates are consciously evoked during the study episode and that subjects later misattribute memories for the internally generated events as being memories for presented words. Qualitative studies of these remember judgments have shown that people also claim to remember rehearsing the critical nonpresented item to the same extent that they claim to remember rehearsing items actually presented (Mather, Henkel, & Johnson, 1997) . McDermott (1997) has argued that if the critical words come consciously to mind during the study episode, one would expect to see priming for these words on perceptual implicit memory tests; however, if implicit activation is producing the false memories, there should be no perceptual priming. McDermott (1997) showed that perceptual priming does indeed occur for the critical nonpresented items, although to a lesser extent than for words actually presented. This finding, like the results with respect to remember judgments, points to the explanation that false memories in this paradigm occur largely as a result of a breakdown in the reality monitoring process, with subjects confusing perceived and imagined (or internally generated) events (Johnson & Raye, 1981) .
Because a breakdown in reality monitoring is probably an important source of the false memories in this paradigm, in the current experiments we decided to turn the task into a direct reality monitoring judgment to assess the extent to which subjects can distinguish between cases in which the critical word is and is not presented. Therefore, we informed subjects about the false recall and recognition phenomena that occur with these associative lists and gave subjects a sample list to demonstrate the phenomenon; we then presented the critical linking word in half of the lists but left it out of the other half of the lists. Subjects were informed that sometimes the critical linking word would be present and other times it would not, and their job was to determine whether it was presented and to remember this observation for a memory test.
Three experiments are reported in the present paper. In Experiment 1, all subjects were warned about the nature of the false memory phenomenon; they heard 12 associative lists, followed by a final recognition test. The critical item appeared in half of the lists but not in the other half. We wanted to explore the extent to which, on a final yes/no recognition test, subjects would be able to determine whether the critical item had been presented. This question can be asked separately for cases in which the item is and is not present. That is, to what extent can subjects accurately recognize the presence of the critical item when it is present? And to what extent can subjects determine the absence of the critical item when it is not present? Because subjects were not very accurate in their judgments with respect to the critical nonpresented associates in Experiment 1, the recognition test in Experiment 2 was changed such that subjects received a one-item recognition test immediately following each list. The item tested was always the critical item, which had been presented in only half of the lists. Here, too, the question was whether subjects could discriminate between instances in which the critical word was and was not presented. Again, the nature of the task was explained fully to subjects: They were made aware of the tendency of associates to elicit false recognition of nonpresented related associates, and their job was to determine for each list whether the linking associate had appeared in the list. Because the levels of false recognition remained high in this experiment, too, in Experiment 3 we warned only half of our subjects (and gave standard instructions to the other half) to determine whether the explicit warning was at all effective in reducing the false recognition probabilities on an immediate test.
EXPERIMENT 1
The primary goal of Experiment 1 was to assess the ability of subjects to encode accurately and to remember whether the critical linking words had been presented in the lists when directly asked to do so; subjects were warned about the false recognition phenomenon, given an example, and told to monitor for the presence/absence of the critical words.
Method
Subjects. Twenty-four students from Rice University participated in this experiment in partial fulfillment of a course requirement.
Materials and design. Eighteen of Roediger and McDermott's (1995) lists, which are reported in their Appendix, were selected as stimuli for this experiment. (We chose the 18 lists that had produced the highest probabilities of false recall in a previous experiment.) Each subject studied 12 of the associative lists. In 6 of these studied lists, the critical linking item was not presented. This is the condition commonly used for producing false recall and false recognition and will be referred to as the Nonpresented condition in this report. (Note that the list itself is presented in this condition; however, the critical associate is not presented.) In 6 of the lists, the critical associate was presented; it replaced the word in serial position 4 for 3 of the lists and the word in position 10 for 3 of the lists. This condition will be referred to as the Presented condition. Therefore, of the 12 studied lists, 6 lists occurred in the Presented condition and 6 lists in the Nonpresented condition. Six lists were held out as Nonstudied and served as a base-rate measure of false alarms on the recognition test.
Counterbalancing was accomplished by dividing the lists into 3 sets (of 6 lists/set) and rotating the sets across the different conditions, such that each set of lists served in each study condition (Presented, Nonpresented, Nonstudied) an equal number of times across subjects.
Lists were recorded digitally in stereo in a female voice using a 22,050 Response sheets for the memory test contained 18 test words, each of which was a critical linking word. For each subject, 6 of these words had occurred in the Presented condition, 6 were from the Nonpresented condition, and the relevant list had not been studied for 6 of the words (the Nonstudied condition). Therefore, only 33% of the items on the test had actually been presented during the study phase. There was one random ordering of critical words on the test sheet.
Procedure. Subjects were tested individually or in pairs. The study instructions were read to subjects; because instructions were a critical aspect of the experiment, they are presented here verbatim:
In this experiment, you will hear lists of words presented on the computer speakers. Your job is to try to remember the words you hear. Your memory for each list will be tested after all lists have been presented. You will hear 12 lists in all, with 15 words per list. You should pay close attention to the lists because the words will be presented quickly-about 1 word per second.
Each list is comprised of related words. All the words in each list are associated to one common word. Sometimes the common word is present in the list, and other times it is not. For each list, you should try to figure out what the word is that ties all the other words together and note whether or not that word is present in the list.
For example, you might hear the following words: queen, England, crown, prince, George, dictator, palace, throne, chess, rule, subject, monarch, royal, leader, reign. In this case, king is the word that links all the above words. You would be asked whether or not king was actually presented in the list. In this case, king was not present in the list. As mentioned above, sometimes the common word, like king, will be present and other times it will not. Sometimes people mistakenly remember the critical word that links together all the others (e.g., king) even when it was not presented. Do not make this error. Be sure to notice and remember whether or not the linking word is present.
Subjects were encouraged to ask questions about the procedure. Once the experimenter had determined that subjects understood the study instructions, list presentation was begun.
Presentation of the 12 lists took approximately 3 minutes. Following presentation of the last list, subjects were given the test sheets; instructions for the test appeared at the top of the sheets, and were as follows:
For each of the words below, please (A) circle Y (for Yes) or N (for No) to indicate whether you heard a list of words that was related to that concept (irrespective of whether or not the word was actually present in the list) and (B) if you did hear a list of words related to that concept, indicate whether or not the word itself was present in the list. Circle 4 if you're SURE it WAS in the list, 3 if you think it PROBABLY WAS in the list, 2 if it PROBABLY was NOT in the list, and 1 if you're SURE it was NOT. If you have any questions, please ask the experimenter at this time.
After questions were answered, the experimenter summarized the test instructions and directed subjects to begin. The test was subjectpaced.
Results and Discussion
Subjects were quite accurate on the initial question ("Did you hear words related to the concept [sleep] ?"); the hit rate was .89 and the correct rejection rate .85. We turn now to the results of primary interest: the follow-up question regarding whether the linking word had appeared in the lists that subjects recognized as having been studied. Thus, the following results are conditional upon the subjects correctly recognizing having heard the list.
The results for this question are represented in Fig. 1 . The left half of the graph shows the results for the lists in which the critical word had appeared, the Presented condition. Subjects correctly recognized having heard the word with a probability of .79 (and 53% of the time they claimed to be sure they had heard the word). Only 7% of the time did subjects (erroneously) claim that they were sure this word had not been presented in the list.
The accuracy in the Presented condition can be contrasted with the poor performance in the Nonpresented condition (shown on the right of the Presented condition; that is, the predominant response would have been Sure New, with successively fewer Probably New, Probably Old, and Sure Old responses. Obviously, however, this pattern did not occur. Subjects gave predominantly Old responses (probability .64), and 31% of the time they claimed to be sure the nonpresented critical item had been present in the list (Sure Old).
Mean ratings for the Critical Presented and Nonpresented words were calculated. For the Critical Presented words, the mean rating was 3.25, which indicates confidence somewhat higher than Probably Old (3). The mean rating for the Critical Nonpresented words was lower (2.78), which indicates confidence just below Probably Old (3). A paired comparisons t test indicated that the difference between mean rating scores was reliable, t(23) ϭ 3.90, SEM ϭ .121. Subjects in the Presented condition were fairly accurate at labeling the words as having been presented. Perfect retention (with high confidence) in this condition would have been a mean rating of 4; the obtained mean rating (of 3.25) was not too far off this mark. Performance in the Nonpresented condition was much poorer, however. Perfect retention (with high confidence) in this condition would have led to a mean rating of 1; the obtained mean of 2.78 was not close; indeed, it was closer to Probably Old than to Probably New.
In summary, when the critical word had not occurred in the study list, subjects were surprisingly poor at determining so: Over half of the Critical Nonpresented words were erroneously classified as having been presented, even though subjects had been fully briefed about the false recognition phenomenon before list presentation. This finding could indicate that subjects were poor at discriminating whether or not the items had been presented in the lists; however, it is also possible that the delay between hearing the lists and taking the test played a role in these high rates of false alarms. That is, immediately after presentation of each individual list, subjects may have been able to discriminate between presented and nonpresented critical items; over the course of hearing multiple lists and then receiving test instructions, they may have forgotten this information. This possibility is supported by the finding that reality monitoring becomes increasingly less accurate as a function of retention interval (e.g., Hamersley & Read, 1986 ) (but note that in Experiment 1 the delay between study and test was only about 5-7 minutes). In addition, there have been reports showing that the probability of false recall and recognition in this paradigm is very robust after a delay-sometimes even rising over intervals in which forgetting of studied words is observed (McDermott, 1996) . In Experiment 2, we changed the test to an immediate 1-item recognition test following each list, in an effort to eliminate the possible effects of delay and output interference.
EXPERIMENT 2
The basic question in Experiment 2 was the same as in Experiment 1: To what extent can forewarned subjects discriminate between Critical Presented and Nonpresented words in this paradigm? The test in Experiment 2 was made even easier than Experiment 1 by placing it immediately after each 15-item list.
Method
Subjects. Sixteen subjects from Washington University were tested individually. They were each paid $5 for participation.
Materials and design. Twenty associative lists were selected for this experiment. These lists consisted of 16 of Roediger and McDermott's lists plus 4 others, which were taken from our expanded set of materials, reported by Stadler, Roediger, and McDermott (in press ). Lists were recorded digitally and played over computer speakers, as described in the Method section of Experiment 1. The lists were divided into 2 sets. For each subject, the critical linking item appeared in half of the lists (1 set). Because the recognition test immediately followed presentation of each list, there was no reason to hold out some lists as nonstudied in this experiment. Each list occurred in the Presented and Nonpresented conditions an equal number of times across subjects.
A test sheet was constructed on which there were 20 numbered rows of the following re-sponse possibilities: Sure Old, Probably Old, Probably New, Sure New.
Procedure. Subjects were given instructions much like those used in Experiment 1. The instructions were modified slightly, as necessitated by the procedural changes; for example, there were 20 -not 12-lists in this experiment, and subjects were told that tests would follow the presentation of each individual list. That is, the critical linking word would be read by the experimenter, and subjects should determine the appropriate response (Sure Old, etc.) to circle on the response sheet. The experimenter explained that Old items referred to ones that had been presented in the list, and New items were those that had not been presented in the list.
Lists were then played over the speakers. After each list, the experimenter read aloud the appropriate critical associate. When the subject had responded by circling the appropriate alternative on the test sheet, the experimenter initiated presentation of the next list. The entire experiment took about 15 minutes. Figure 2 shows the results for Experiment 2. The pattern of results for the Presented words (on the left side of the figure) looks similar to the pattern for those words in Experiment 1: On most trials (.80) subjects correctly classified the words as having been presented, and the response with the greatest probability was Sure Old (.66). Subjects rarely claimed that they were sure the item had not been present in the list (.09). The mean rating for this condition was 3.37.
Results and Discussion
For the lists in which the linking word had not been presented (shown in the right half of Fig. 2) , subjects classified the critical words as New with a probability of .62, collapsing across level of confidence. The modal response was Sure New, which occurred with a probability of .43. Nevertheless, the false alarm rate for the critical words that had not been presented was still substantial (.38); a Sure Old classification occurred with a probability of .18.
2 The mean rating for this condition was 2.12, which differs 2 Note that we are assuming that the false alarm rate for unrelated words would approximate .00. That is, we assume that subjects are not predisposed to label items old for reasons other than memorial-based ones. As the results of Experiment 3 will show, this seems to be a valid assumption. Thus, the high false alarm rates (.38 for Experiment 2 and .64 in Experiment 1) do seem to be tapping illusory memories.
FIG. 2.
The probabilities of responding Sure Old, Probably Old, Probably New, and Sure New to the critical linking associates as a function of whether the critical associate had occurred in the list (the Presented condition), or the critical associate had not been presented but the relevant list had been studied (the Nonpresented condition). Data reflect performance on 1-item recognition tests given immediately after presentation of each list in Experiment 2.
reliably from that of the Presented condition (3.37), t(15) ϭ 7.34, SEM ϭ .17.
Unlike the results of Experiment 1, the pattern of responses in this condition clearly shows a reversal in responses for critical Nonpresented words (relative to Critical Presented words). That is, most Critical Presented words were (correctly) classified in the Sure Old category, and most Critical Nonpresented words were (correctly) classified in the Sure New category. However, the finding that on over 1 3 of the trials subjects produced a false alarm to the Critical Nonpresented words is somewhat surprising. After a full explanation of the phenomenon, and with a 1-item immediate recognition test following each 15-word list, subjects still claimed to have heard the Critical Nonpresented items on 38% of the trials. This finding led us to wonder whether our warning instructions were exerting any attenuating effect on the false alarm rates. Perhaps the memory illusion in this paradigm is simply not under conscious control. To assess this possibility, we performed Experiment 3.
EXPERIMENT 3
To address whether warning instructions are effective at dampening the memory illusion in this paradigm, we warned only half of the subjects in Experiment 3, and we provided standard, general study and test instructions to the other half of the subjects. Gallo, Roberts, and Seamon (1997) reported a similar experiment (but with the critical word absent from all the lists); they obtained an attenuation (but not an elimination) of false recognition following a warning.
In the present experiment, it seemed likely that subjects in the No Warning condition might be confused initially and then catch on to the phenomenon if we adopted the procedure of Experiment 2 (a 1-item immediate recognition test following each list); therefore, we expanded the number of items tested after each list to 4. The 4 items tested were: the critical word (presented in half of the lists and not presented in half); a standard studied word; a very low associate of the critical word, which was not present in the list; and a word generally unrelated to any of the studied words.
Method
Subjects. Thirty-two Washington University undergraduates participated in the experiment.
One to three subjects were tested in each session.
Materials and design. The study materials were identical to those used in Experiment 2. Instructional set (Warning/No Warning) was manipulated between subjects (16 subjects per condition). A test sheet was constructed with 80 numbered rows; each row contained the following response possibilities: Sure Old, Probably Old, Probably New, Sure New. For the recognition test, the Standard Studied items (1 per list) were drawn from serial positions 2, 3, 5-9, 11, and 12 in the lists (with 1-3 words drawn from each position). Low Associates were obtained by consulting Russell and Jenkins's (1954) word norms for words associated to the critical linking word but not contained in our associative lists. Unrelated words were simply words that seemed unrelated to the studied words. Materials for this experiment can be found in the Appendix.
Procedure. The procedure was virtually identical to that of Experiment 2, with the exception that 4 words were tested after each list. Subjects in the Warning condition received instructions highly similar to those for Experiment 1 (but, as in Experiment 2, modified as necessitated by procedural differences). The subjects in the No Warning condition were given nonspecific instructions concerning the nature of the lists: They were told that they were participating in a memory experiment, that they would hear 20 15-word lists, and that each list would be followed by a short, 4-item recognition test. No mention was made of the associative nature of the lists or that there were linking words that might or might not be presented.
After presentation of each list, the experimenter read aloud the appropriate row number and the test word, waited for subjects to respond by circling an option on the test sheet (Sure New, etc.), and then read the next row number and test item until all 4 words had been tested.
Test words occurred in one fixed random order for all subjects, and the ordering of item type (Critical Presented, Critical Nonpresented, Standard Studied, and Low Associate) differed across lists.
Results and Discussion
Results of Experiment 3 are presented in Table 1; a subset of the data are also depicted graphically in Fig. 3 , in which hits and false alarms (collapsed across degree of confidence) are displayed. Data in the last two rows of the table show that subjects were highly adept at identifying Unrelated words as such: These words were never misclassified as Old and were almost always given a rating of Sure New. Likewise, subjects were quite good at labeling the Low Associates as New items; collapsing across level of confidence (see Fig. 3 ), they were assigned New responses with a probability of .90 in the No Warning condition and .93 in the Warning condition; this difference was not reliable, t(30) ϭ 1.10, SEM ϭ .028. The Sure New responses were also used with a high prob- ability for these items (.77 and .74 for the No Warning and Warning conditions, respectively, t Ͻ1.) Therefore, as we proposed in footnote 2, subjects were extremely capable of identifying standard lures as being new items; this finding supports the position that the high false alarm rates to the Critical Nonpresented words demonstrate a compelling memory illusion and are not simply reflecting a general bias toward positive responses.
In summary, the results from the Low Associate and Unrelated lure conditions show that (a) subjects do not simply classify most words as being Old in this paradigm and (b) the warning instruction did not affect performance for the nonstudied Low Associates or the Unrelated words (although ceiling effects cloud interpretation of this finding, especially in the Unrelated condition).
Results for the Standard Studied, Critical Presented, and Critical Nonpresented conditions will now be considered together. These data can be seen in the top of Table 1 and in Fig. 3 . We discuss first the Old responses, collapsing across level of confidence, as shown in Fig. 3 . An inspection of these data suggests that the warning instruction did affect the response criterion for the Standard Studied words (.74 and .68 for the No Warning and Warning conditions, respectively, t(30) ϭ 1.45, SEM ϭ .04, p ϭ .07) and for the Critical Nonpresented items (.80 and .59 for the No Warning and Warning conditions, respectively, t(30) ϭ 3.56, SEM ϭ .060). However, there is no discernible difference between the two conditions for the Critical Presented words, although ceiling problems cloud this finding; the probability of an Old response was .92 in both conditions, t Ͻ1. We performed a median split on the basis of hit rate for the Standard Studied words to see if performance in the Critical Presented condition would come down off ceiling for the subjects with lower hit rates to the Standard Studied words; it did not. Low performers showed very high hit rates to the Critical Presented words (.93 and .90 in the No Warning and Warning conditions, respectively). High performers, too, were at ceiling here (.91 and .94 in the No Warning and Warning conditions, respectively). More will be said about this finding in the General Discussion.
In general, these data show that subjects were quite adept at determining when the Critical word had been presented (as shown by the high hit rates); somewhat surprisingly, subjects were no less adept at this task after receiving a warning with respect to the nature of the lists, although we interpret this result cautiously. Most importantly, the purpose of the experiment was to determine whether a warning would affect false recognition rates; results show conclusively that the probability of false recognition of the Critical Nonpresented words was attenuated by the warning instructions.
We turn now to the Sure Old results, which appear in the leftmost column of Table 1 . The probability of a Sure Old classification for the Standard Studied items differed as a function of instructional set (.62 for the No Warning condition and .47 for the Warning condition, t(30) ϭ 2.75, SEM ϭ .054). The Critical Presented items demonstrated no reliable effect of instructions (.79 for the No Warning condition and .73 for the Warning condition, t(30) Ͻ1), although numerically the difference was in the predicted direction. Therefore, accurate recognition did not change as a function of instruction for the Critical Presented words when confidence was ignored (as discussed previously); when only the Sure Old responses were examined, there was a small but nonsignificant effect. In general, the Critical Presented words were very well recognized (and with similarly high levels of confidence across the instructional sets). We will return to this point in the General Discussion.
The Critical Nonpresented items, like the Standard Studied items, did show a large instructional effect in the Sure Old responses (.57 for No Warning and .38 for Warning, t(30) ϭ 2.59, SEM ϭ .07). Therefore, the Critical Nonpresented words and the Standard Studied words behaved similarly as a function of instructional set: Fully informed subjects produced fewer false alarms to the critical associates but at the expense of lower hit rates.
A secondary question with respect to these data is whether the effect of the warning instruction on the Critical Nonpresented items simply represents a general shift in criterion or if there is some benefit of warning for these items over and above the general criterion shift accompanying the warning instruction. Because interpretation of data for the Critical Presented words is clouded by a ceiling effect, we will use the Standard Studied words for comparison. Collapsing across level of confidence, there is a probability change of .06 for the hit rate of Standard Studied items as a function of instructional set. The corresponding change in the false alarm rate for the Critical Nonpresented words is .21. This interaction is reliable, t(30) ϭ 2.06, SEM ϭ .07. Therefore, warning instructions did serve to substantially decrease the level of false recognition in this experiment, and this effect seems not to be a general shift in criterion because it was greater for the Critical Nonpresented words than for Standard Studied words (see too Gallo et al., 1997) .
Sure New responses are also informative with respect to this question (see Table 1 ). The instructional manipulation exerted no influence on Sure New responses for the Standard Studied items (.17 in both conditions, t Ͻ1) or the Critical Presented items (.06 and .03 in the No Warning and Warning conditions, respectively, t(15) ϭ 1.43, SEM ϭ .021). The only condition for which instructions affected Sure New responses was the Critical Nonpresented condition, in which the probability of a (correct) Sure New response increased with the warning (.14 and .26 for the No Warning and Warning conditions, respectively, t(15) ϭ 2.03, SEM ϭ .059). Further, the interaction of instruction with the presented/nonpresented variable was reliable, t(15) ϭ 2.33, SEM ϭ .067. These results, when combined with those discussed above, converge upon the conclusion that false recognition of the Critical Nonpresented items is under some amount of conscious control: False recognition shows an effect of warning instruction over and above a general shift in criterion.
One puzzling finding in this experiment concerns why the general pattern of results for the Critical Nonpresented items in Experiment 3 seems more like that of Experiment 1 (with a delayed test) than of Experiment 2 (with an immediate test, as in Experiment 3). That is, when the recognition test occurred immediately after list presentation in Experiment 2, the modal response to the Critical Nonpresented words was a (correct) Sure New response (see Fig. 2 ). In the current experiment, the test also occurred immediately after each list, and yet the modal response for Critical Nonpresented words was Sure Old. The most likely source of this discrepancy lies in the number of items tested: In Experiment 2 we used a 1-item recognition test, whereas in Experiment 3 we tested 4 items. (As noted above, this change was deemed necessary to ensure that the No Warning subjects did not immediately become aware of the nature of the experiment.) Although this issue cannot be conclusively resolved with the current data set, it seems plausible that the delay and interference brought on by the 4-item test might be the source of this discrepancy, making Experiment 3 more closely analogous to Experiment 1, in which the test was a final recognition test.
In summary, the primary finding of Experiment 3 was that warning subjects did indeed attenuate the false recognition rate of the Critical Nonpresented items. However, the effect of warning was surprisingly slight; the modal response for these items was an incorrect judgment of Sure Old. Nevertheless, although only a slight effect, the effect of warning subjects represented more than just a general shift in criterion.
GENERAL DISCUSSION
The primary question addressed by these experiments is whether subjects are able to distinguish between cases in which a critical associate is and is not presented. Two experiments showed that, even under optimal conditions for making this judgment (i.e., when fully informed about the false recognition phenomenon), subjects had substantial difficulty in performing this task.
Thus, the principal findings of the experiments reported here are as follows. When subjects were explicitly forewarned about the nature of the associatively induced false recognition effect, they still falsely recognized 64% of the critical nonpresented words as having been presented on a final recognition test (Experiment 1). When the delay between list presentation and the recognition test was minimized and subjects were tested on only one item, they were better at labeling the critical nonpresented items as lures: The modal response in this experiment was for subjects to claim correctly that they were sure the item had not been present in the list. Yet even under these conditions, the critical nonpresented words were called Old with a probability of .38 (Experiment 2). Therefore, Experiment 3 examined whether an explicit warning effects lower levels of false recognition in the immediate testing paradigm. The primary finding of this experiment was that warning subjects did diminish the false recognition effect. Further, this reduction was slightly greater than the general shift in response criterion. Subjects falsely recognized the Critical Nonpresented words with a high probability in both conditions, leading us to conclude that although the illusory memory effect in the Roediger-McDermott paradigm is extremely robust, it is somewhat amenable to conscious control.
In an experiment somewhat similar to Experiment 3 of this series, Gallo et al. (1997) showed that a warning to subjects was sufficient to reduce (but not eliminate) the false recognition effect on a final recognition test given after presentation of 8 associative lists. However, in Gallo et al.'s experiment, the critical linking word was never presented in any of the lists; therefore, if subjects were able to confidently identify the English word that most effectively linked all the presented words, they could be confident that the word had not been presented. That is, the effect of the warning manipulation observed by Gallo et al. might have been overestimated by the fact that subjects did not necessarily have to perceive or remember whether or not the critical item had been presented in any of the lists; rather, it was sufficient to identify the linking word, and that it had not been presented could then be inferred. The results reported in Experiment 3 in the present report confirm and extend Gallo et al.'s conclusion under conditions in which this criticism cannot be made: Warning subjects reduced (but by no means eliminated) false recognition of the critical nonpresented items under conditions in which subjects had to actively determine whether or not the linking word was presented in the list.
We conclude by making several general observations about the data reported here. First, it is interesting that when the critical linking items are included in the study lists, subjects are extremely effective at recognizing these items as having been presented. In Experiment 3, subjects were better at classifying the Critical Presented words as being Old (in the .90 probability range) than they were at classifying the Standard Studied items as being Old, which they did in the .70 probability range. This finding of extremely high levels of accurate recognition of the Critical Presented words confirms McDermott's (1997, Experiment 1) similar observations in free recall. McDermott reported that the Critical Presented items are recalled with an unusually high probability (.42, relative to .16 for other studied words occurring in similar serial positions). Therefore, as described in McDermott's (1997) report, although the Critical Nonpresented items are recalled and recognized with about the same probability as Standard Studied items, they are not recalled and recognized as if they had been present in the list, as might be inferred from Roediger and McDermott's (1995) data and many of the subsequent studies using this paradigm. When the critical words are presented in the list, they are unusually well remembered.
Other data lead us to believe that the hit rate for the Critical Presented words will tend to hover around the ceiling (Robinson, 1998) . For example, when the studied words were presented for only 20 ms, the hit rate for the Critical Presented words was .88, whereas the corresponding hit rates for other list words did not approach ceiling (.70), nor did the critical false alarm rate (.75). Thus, just as there is something special about the critical words when they are not presented (such that they are often recognized as having been presented), there is also something special about them when they are presented (i.e., they are virtually always recognized).
The finding that the critical false alarm rate is, to a small extent, amenable to conscious control is an interesting one and is consistent with the existing literature on false alarms using this paradigm. For example, older adults are assumed to have deficits in consciously controlled components of recognition memory and source discrimination. Thus, to the extent that these processes are useful in counteracting the critical false alarm rate, we might expect older adults to show an elevated false alarm rate to these items. This pattern is indeed observed (Norman & Schacter, 1997) .
In addition, the source monitoring framework would lead us to predict that people should be able to distinguish between studied and critical nonpresented words on the basis of amount of perceptual information retrieved with the item. When words previously heard or seen are retrieved, more perceptual details are available than when people retrieve words previously generated (Johnson & Raye, 1981) . Roediger and McDermott's (1995) comparable levels of accurate and false memories as measured by recall, recognition, and remember judgments indicate that subjects often do not take advantage of this information when encountering memory tests in this paradigm. However, Mather et al. (1997) and Norman and Schacter (1997) have provided evidence that when subjects are specifically asked about the degree of perceptual detail accompanying studied and critical nonpresented words, more such details accompany studied words. Schacter, Reiman, Curran, Yun, Bandy, McDermott, & Roediger (1996) have reported positron emission tomography data that converge upon this conclusion; specifically, they reported greater temporoparietal activation (in or near auditory cortex) while subjects performed a yes/no recognition judgment on previously heard words relative to performing the same judgment on the critical nonpresented words.
The present experiments complement these findings in a case in which subjects are not directly asked about the degree of perceptual detail. Rather, they are informed of the phenomenon and are asked to minimize false alarms. The question is whether people can apply the information that sometimes distinguishes true and false memories to guide them in determining whether or not the word was studied. The source monitoring framework would predict that subjects should be able to do so. In addition, Mather et al. (1997) have argued that changes in criterion should disproportionately affect false (relative to accurate) recognition in this paradigm. Thus when subjects are instructed to adopt a high criterion, they should be better able to reject false memories. Our experiments show that this is true, but to a limited extent.
In conclusion, it is noteworthy that, as in many previous studies (e.g., McDermott, 1996; Norman & Schacter, 1997; Payne et al., 1996; Roediger & McDermott, 1995) , the level of endorsements of Critical Nonpresented words resembled that of presented words more than it resembled other lures (e.g., the Low Associates and Unrelated Words in Experiment 3). This finding was surprising when first reported; however, it is considerably more surprising under the conditions reported here, in which subjects are specifically asked not to make this mistake. Although the memory illusion is, to a limited extent, amenable to conscious control, there seems to be a component to these illusions that is almost perceptual in nature: Subjects have only limited success in bringing the illusion under conscious control, and they appear unable to eliminate it. Further work is clearly needed to disentangle the consciously controlled and automatic components of these illusory memories. 
